Mapping the binding site of aflatoxin B1 in DNA: molecular modeling of the binding sites for the N(7)-guanine adduct of aflatoxin B1 in different DNA sequences.
Aflatoxin B1 (AFB1), a potent mutagen and carcinogen, forms an adduct exclusively at the N(7) position of guanine, but the structure of this adduct in double stranded DNA is not known. Molecular modeling (using the program, PSFRODO) in conjunction with molecular mechanical calculation (using the program, AMBER) are used to assess the binding modes available to this AFB1 adduct. Two modes appear reasonable; in one the AFB1 moiety is intercalated between the base pair containing the adducted guanine and the adjacent base pair on the 5'-side in reference to the adducted guanine, while in the second it is bound externally in the major groove of DNA. Rotational flexibility appears feasible in the latter providing four, potential binding sites. Molecular modeling reveals that the binding sites around the reactive guanine in different sequences are not uniformly compatible for interaction with AFB1. As the sequence is changed, one particular external binding site would be expected to give a pattern of reactivities that is reasonably consistent with the observed sequence specificity of binding that AFB1 shows in its reaction with DNA (Benasutti, M., Ejadi, S., Whitlow, M. D. and Loechler, E. L. (1988) Biochemistry 27, 472-481). The AFB1 moiety is face-stacked in the major groove with its long axis approximately perpendicular to the helix axis. Favorable interactions are formed between exocyclic amino groups that project into the major groove on cytosines and adenines surrounding the reactive guanine, and oxygens in AFB1; unfavorable interactions involve van der Waals contacts between the methyl group on thymine and the AFB1 moiety. "Some of the sequence specificity of binding data can be rationalized more readily if it is assumed that 5'-GG-3' sequences adopt an A-DNA structure." Based upon molecular modeling/potential energy minimization calculation, it is difficult to predict how reactivity would change in different DNA sequences in the case of the intercalative binding mode; however, several arguments suggest that intercalation might not be favored. From these considerations a model of the structure for the transition state in reaction of AFB1 with DNA is proposed involving one particular external binding site.